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RP-HPLC determination of Furosine
in fermented milk of different brands
retailed in China

Furosine (e-N-2-furoylmethyl-L-lysine) is the most specific suitable indicator of the severity of heat
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treatment and storage conditions of dairy products. The objective was to determine furosine content in
fermented milks by ion-pair reversed-phase high-performance liquid chromatography (RP-HPLC). In this
study, furosine quantified in 27 different brands of fermented milk retailed in China. The concentrations
of furosine in the fermented milk ranged from 25.40 + 5.2 to 1661.05 + 89.9 mg/100 g of protein. About
26 % of the samples in the present study had shown remarkably a very high furosine mean values.
Furosine may, therefore, be a good indicator of the degree of Maillard reaction induced damage during the

processing of fermented milks.

Abbreviations

RP-HPLC: Reversed-Phase High-Performance Liquid
Chromatography; UV:  Ultraviolet; UHT: Ultra-High
Temperature; ESL: Extended Shelf-Life; IEC: Ion-Exchange
Chromatography.

Introduction

Heat treatment of milk is the most widely used processing
technology in the dairy industry. It results in many chemical
and biochemical changes in milk, the extent of which depends
on the temperature-time combinations, the heating method
utilized, and milk pre-treatment conditions [1-3]. The
principal categories of treatment methods used for milk for
direct consumption and those used for specific dairy products
are in-container sterilization, UHT, ESL processing, and
pasteurization [4,5].

The quality of milk is affected by heating treatments
as a consequence of interactions between the amino acid
lateral groups, restructuring of -SH and S-S- groups,
insolubilizations of whey protein, interactions between
k-casein and B-lactoglobulin, hydrolysis of lipids, degradation
of lactose to organic acids, destruction of some vitamins and
enzymes, and disturbance of calcium/phosphorous equilibrium
[6,7]. Effects during the heating of milk; Firstly, the effect on
milk components of particular interest for keeping quality
and nutritional properties of milk. The second type of effects
related to cooked flavor and loss of nutritional value due to

the formation of new substances formed by Maillard reaction,
which continues during the storage of heated milk [8].

Furosine (¢-N-2-Furoylmethyl-L-lysine) is an amino acid
formed during acid hydrolysis of the main stable Amadori
compound (e-deoxy-fructosyllysine), and used to measure
the initial steps of the Maillard reaction [9,10]. It is considered
a useful indicator of the severity of heat treatment, Maillard
reaction related to the identification of limiting values of
thermal damage, and poor storage conditions of the finished
products [7,11-14]. In addition, furosine is a useful chemical
parameter for evaluating the quality and possible detection of
food frauds, especially in milk and milk-based products, such
as yogurt and milk powders [15-17].

Determinations of furosine could be carried out by gas
chromatography, IEC and HPLC. Now, HPLC is the technique
of choice since it provides the best detection limit and is not
time-consuming [7,18,19]. More recently, [12] proposed an
ion-pair reversed-phase HPLC method for the determination
of furosine in acid-hydrolyzed dairy products. At present,
no published data available on the furosine contents of
fermented milk in China. This study was, therefore, conducted
to determine furosine content in fermented milk retailed in
China by ion-pair reversed-phase high-performance liquid
chromatography.

Materials and Methods
Samples

Twenty-seven different commercial brands of fermented
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milk samples retailed in China were purchased. Their expiration
dates ranged from July 2018 to March 2019. Samples were kept
frozen after aliquoted until further analyses. All analysis was
done in triplicate unless otherwise indicated.

Reagents and standards

All reagents used for sample preparation were of analytical
grade, and solvents for chromatographic analysis were of
HPLC grade. Throughout all experiment, ultrapure water
was used (SG Ultra Clear UV system; Siemens Water 95
Technologies, Warrendale, PA, USA). All reagents required for
experimental analysis were purchased from Sigma-Aldrich
(St. Louis, MO, USA) including Acetonitrile (ACN, 100%),
Hydrochloric acid (37%), Methanol (99.8%), Formic acid (FA,
98%), Trifluoroacetic acid (TFA, 99%). Furosine standard
(furosine dihydrochloride; 99.1%) purchased from Iris Biotech
Laboratories GmbH (Marktredwitz, Germany).

RP-HPLC conditions

Column type: C18; Length: 250 mm; 1.D. 4.6 mm (Alltech
Furosine-dedicated); Column temperature: 30°C; U.V.
detection: 280 nm; Flow rate: 0.6 mL/min; Injection volume:
10uL; Runtime: 30min; Solvent A: 0.1% Trifluoroacetic acid
solution; Solvent B: Methanol; HPLC apparatus: Waters Model
2996. The elution gradient is given in Table 1.

Table 1: Elution gradient.

Flow rate (mL/min) | Mobile phase A (%) | Mobile phase B (%)
0.6 95 5

0.00

16.00 0.6 86.8 13.2
16.50 0.6 5 95
25.00 0.6 95 5
30.00 0.6 95 5

RP-HPLC analysis of furosine with UV detection

For determination of furosine content, samples were
prepared according to [12,20-22] with very few modifications
in sample preparation. Briefly, all samples were pre-warmed
in a water bath set at 40 °C for 15 min, to get a homogeneous
solution. 2mL of fermented milk samples were mixed with 6mL
of 10.6 N hydrochloric acid and exposed to nitrogen for 2 min,
expelling oxygen. Subsequently, tubes were closed tightly and
heated at 110 °C for 23 h for acid hydrolysis in screw-cap Pyrex®
tubes. The hydrolysate was brought to room temperature and
filtered through a Whatman 5951/2 filter paper. The filtrate was
further processed using reversed-phase solid-phase extraction
(SPE) Sep-Pak C18 cartridge (Waters Corporation, Milford, MA
01757, USA). 0.5 mL of the filtrate was eluted with 3 mL of 3
N hydrochloric acid and evaporated under vacuum. imL of the
dried samples were reconstituted with 3.5 mL of a mixture of
5% v/v acetonitrile/0.2% v/v formic acid and filtered through a
0.22-pm filter (Millex PVDF; Millipore) before HPLC injection.
Eighty microlitres of each sample injected onto a SUPELCO C18
column (5um, 250 x 4.6 mm, 1.D.) (Waters Corporation, MA,
USA). Calibration of the chromatographic system for furosine

(FUR) determination was by the external standard method. A
standard stock solution containing 200 pg FUR mL-was used
to prepare the standard working solution. Calibration curves
(0, 2, 4, 8,16 32, 64 and 128 pg FUR mL) were carried out by
plotting absorbance, with the peak area as the ordinate and the
furosine concentration is the abscissa. The regression equation
for the standard curve: y = 35.414x + 9.2669; R*> = 0.9997. The
obtained results presented as mg/100 g of protein (Table 2).
The furosine value usually expressed as mg/100 g of protein
[23].

Determination of total protein content

The total nitrogen content determined according to [24]
Kjeldahl method and required for the final furosine calculation
of samples. A factor of 6.38 was applied to convert nitrogen
values to protein.

Statistical analysis

All experimental analysis was carried out in triplicate,
and the results are expressed as means + standard deviation
(SD). Calculations of mean values, standard deviations, and
correlation coefficient (R>) accomplished with Microsoft Excel
2016. The obtained data were analyzed with one-way analysis
of the variance (ANOVA)and post-tested by Tukey test using
GraphPad.Prism.7.00 software and differences were considered
significant at P < 0.05, with a 95% confidence interval.

Results and Discussion

The typical HPLC chromatograms of furosine standard and
fermented milk are presented in figure 1 and compared to the
data reported by different authors [7,12,25], a shorter retention
time observed in our investigation. This difference observed in
the present study may arise from a variety of factors, including
the type of column used and chromatographic conditions
elaborated in the method.

Table 2 shows the results of concentrations of furosine in
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Figure 1: Typical HPLC chromatograms: (a) Furosine standard (9.188 min.) and (b)
Fermented milk (9.025 min).

all investigated samples. The concentrations of furosine in the
fermented milk of different brands ranged from 25.40 + 5.2 to
1661.05 + 89.9 mg/100 g of protein. Nearly 26 % of the samples
in the present study had shown significantly higher furosine
mean values than reported by other authors [26]. Remarkably,
sample CF, JC, and XM showed a very high mean furosine
content. The highest concentration of furosine obtained could
be because of the addition of milk powder into fermented milk
[27,28]. According to a report of the previous studies [28-32],
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Table 2: Data from the label information and quantified furosine contents (mg/100
g of protein) in fermented milk retailed in China (n = 27). Results are presented in
order of decreasing furosine contents.

109 1661.1+£89.9a

3 JC 2.8 3.0 1279.6+49.7°
51 XM 2.6 2.8 986.2+28.6¢
19 QF 3.2 3.6 445.5+84.5¢
13 JG 2.5 2.7 374.7+24.1¢%
78 Xl 3.0 3.3 334.3+27.5¢
v SM 3.0 3.0 321.3439.1¢
47 NH 6.2 6.2 211.4%3.1°
46 WS 3.0 2.6 177.224.7%
134 MN 3.7 3.7 143.742.3"9h
125 GC 3.3 3.8 135.1428.1f9h
11 EY 3.0 2.8 130.2+15.9%h
68 GF 3.3 3.3 125.4421.7%9h
17 YM 3.0 3.3 117.747.2%9hi
75 SC 3.1 3.3 112.541.390
29 KL 3.0 3.2 110.7413.190
140 WF 3.1 3.1 104.8+8.29h
115 SY 3.1 3.5 101.6+8.29"
88 SN 3.1 29 95.7+3.69M
21 SS 3.1 2.7 81.6+3.3"
67 FU 4.6 4.7 70.8+6.8"
81 LC 7.2 7.4 60.9+14.6M
92 UG 4.8 4.0 60.147.8

6 JS 3.8 3.6 50.9+0.5M
90 LJ 7.2 7.2 48.2+0.6M
34 YF 3.1 3.0 37.7x2.1N
37 JO 2.8 3.2 25.45.21

' Sample identification; ? Identifies the manufacturer; *Obtained from the label
information * N x 6.38; ®* Mean+SD

*iIMeans values with different superscripts within the same column shows
significantly different from each other at (p<0.05).

the amount of furosine related to the hydrolysis of the amino
acid, the temperature of the production process and duration
of exposure to the temperature, as well as storage temperature
of the finished product. Likewise, milk proteins which are
rich in lysine residues are prone to Maillard reaction, and
consequently, the Amadori product rapidly formed under slight
heating conditions [33].

The concentration of furosine on dairy products is used as
an indicator for assessing the effects of the thermal treatments
applied to milk and, also serves as a chemical parameter
useful for nutritional evaluation of foods regarding protein
and lysine contents, as an estimate of protein quality [33].
The intermediate and end-products of Maillard reactions, i.e.,
furosine, which is produced when milk and milk products are
heated, exert toxicological consequences such as potent neuro-
toxicants to human. Furthermore, High doses of furosine
cause adverse effects on health by inducing cell apoptosis and
activation of inflammatory [34,35].

Furosi
(Code)' (Brand)? urosine conten? :
(Label)? (Analyzed)* (mg/100 g of protein)
CF 2.5 3.0

On the other hand, about 74% of the samples had shown a
furosine level below 300 mg/100 g of protein. These results are
in disagreement with other authors [36] who found furosine
content of 316.47 + 0.17 mg/100 g of protein in the fermented
milk. The lower furosine content obtained in this study may
indicate features of the production lines like heating under
reduced pressure and falling film evaporation technology [37].

A statistically significant difference observed (p < 0.05)
in furosine concentrations between the different brands of
fermented milk, as shown in table 2. The significant variability
found between samples is probably due to the heat-treatment
intensity given to fermented milk and fermented milk-making
conditions [26]. It is difficult to compare the furosine content
of the present study with those of previous work because of
very few published data found concerning the furosine content
in fermented milk.

Acceptable levels of furosine 3 to 5.5, 4 to 7, and 220 to 372
mg/100 g protein for raw milk, pasteurized milk, and sterilized
milk, respectively [11,38,39]. However, to the best of authors
knowledge, there was no specification set for the maximum
permissible level of furosine in fermented milk in China.

Conclusions

The present study investigated the quantitative analysis
of furosine content in fermented milk retailed in China. The
method was highly sensitive and rapid for the determination of
furosine in dairy products such as yogurt and other fermented
milk. According to the obtained results, careful attention to the
quality of fermented milk required because of the abnormal
increment of furosine concentrations observed and detected
differences. This study also suggests an urgent need for the
maximum legal limits of furosine in fermented milk.

Acknowledgments

The authors gratefully acknowledge the Jiangsu Agricultural
Industry Technology System for research funds (No JATS-
2018-296).

References

1. Pieter Walstra, Jan TM Wouters, Tom J Geurts (2005) Dairy science and
technology(2nd edn). CRC Press, 808. Link: http://bit.ly/2KA24v0

2. Kulmyrzaev A, Dufour E (2002) Determination of lactulose and furosine in
milk using front-face fluorescence spectroscopy. Lait 82: 725-735. Link:
http://bit.ly/2Tpxble

3. Boitz LI, Mayer HK (2015) Evaluation of furosine, lactulose and acid-
soluble B-lactoglobulin as time-temperature integrators for whipping cream
samples at retail in Austria. International Dairy Journal 50: 24-31. Link:
http://bit.ly/2MTCGUC

4. Deeth HC, Lewis MJ (2017) High temperature processing of milk and milk
products. John Wiley & Sons. Link: http://bit.ly/2ZUEQY3

5. Schmidt A, Boitz LI, Mayer HK (2017) A new UHPLC method for the
quantitation of furosine as heat load indicator in commercial liquid
milk. Journal of Food Composition and Analysis, 56: 104-109. Link:
http://bit.ly/2MVXFq3

6. Rufian-Henares JA, Guerra-Hernandez E, Garcia-Villanova B (2002) Maillard
reaction in enteral formula processing: furosine, loss of o-phthaldialdehyde

Citation: Tekliye M, Pei X, Dong M (2019) RP-HPLC determination of Furosine in fermented milk of different brands retailed in China. Int J Agric Sc Food Technol

5(1): 064-067. DOI: http://doi.org/10.17352/2455-815X.000044



™ PeertechzPublications Inc.

18.

2

o

2

—

22.

reactivity, and fluorescence. Food Research International, 35: 527-533. Link:
http://bit.ly/2Md9Fnt

Ferrer E, Alegria A, Courtois G, Farré R (2000) High-performance liquid
chromatographic determination of Maillard compounds in store-brand and
name-brand ultra-high-temperature-treated cows’ milk. J Chromatogr A 881:
599-606. Link: http://bit.ly/2YIwMgu

Elliott AJ, Datta N, Amenu B, Deeth HC (2005) Heat-induced and other
chemical changes in commercial UHT milks. J Dairy Res 72: 442-446. Link:
http://bit.ly/2yVkrWF

Finot PA, Deutsch R, Bujard E (1981) Extent of the maillard reaction during
the processing of milk. Progress in food and nutrition science 5: 345-355.
Link: http://bit.ly/2ZVpFOE

.Manzo C, Nicolai MA, Pizzano R (2015) Thermal markers arising from

changes in the protein component of milk. Food Control 51: 251-255. Link:
http://bit.ly/2Me215r

.Resmini P, Pellegrino L (1991) Analysis of food heat damage by direct

HPLC of furosine. International Chromatography Laboratory 6: 7-11. Link:
http://bit.ly/2KsK4oh

. Resmini P, Pellegrino L, Battelli G (1990) Accurate quantification of furosine

in milk and dairy products by a direct HPLC method. Italian Journal of Food
Science 2: 173-183. Link: http://bit.ly/2yRYk3p

. Resmini P, Pellegrino L, Masotti F (1993) Evaluation of the extent of the

Maillard reaction for the quality control of low-heat-treated dairy products.
Int Dairy Fed Spec 153-164. Link: http://bit.ly/2YKgaVy

. Nieves Corzo, Teresa Delgado, Esperanza Troyano, Agustin Olano (1994)

Ratio of lactulose to furosine as an indicator of quality of commercial milks.
Journal of Food Protection 57: 737-739. Link: http://bit.ly/2KwliUC

.De La Fuente MA, Juarez M (2005) Authenticity assessment of dairy

products. Critical Reviews in Food Science and Nutrition, 45: 563-585. Link:
http://bit.ly/2NOGU6D

. Resmini PP, Luisa Pellegrino, Cattaneo S (2003) Furosine and Other Heat-

Treatment Indicators for Detecting Fraud in Milk and Milk Products. Italian
journal of food science, 15: 473-484. Link: http://bit.ly/33wwdov

. Tirelli A, Pellegrino L (1995) Determination of furosine in dairy products by

capillary zone electrophoresis: a comparison with the HPLC method. Italian
journal of food science 7: 379-385. Link: http://bit.ly/2YP29pL

Biiser W, Erbersdobler HF (1985) Determination of furosine by gas-liquid
chromatography. Journal of Chromatography A 346: 363-368. Link:
http://bit.ly/2KJIUnD

. Hartkopf J, Erbersdobler HF (1993) Stability of furosine during ion-exchange

chromatography in comparison with reversed-phase high-performance
liquid chromatography. Journal of Chromatography A 635: 151-154. Link:
http://bit.ly/2MXSXrW

.Serrano MA, Castillo G, Mufioz MM, Hernandez A (2002) Influence of

hydrolysis, purification, and calibration method on furosine determination
using ion-pair reversed-phase high-performance liquid chromatography.
Journal of chromatographic science 40: 87-91. Link: http://bit.ly/2TtXenZ

.Boitz LI, Mayer HK (2016) Analytical assessment of the intense heat

load of whipping cream, coffee cream, and condensed milk at retail in
Austria and Germany. Dairy science & technology 96: 677-692. Link:
http://bit.ly/2YVCLd3

Helmut K. Maye, Bernd Raba, Johannes Meier, Anita Schmid (2010) RP-HPLC
analysis of furosine and acid-soluble B-lactoglobulin to assess the heat load

23.

w

24,

2

(4]

26.

2

2

2

o

3

o

3

)

32.

3

w

34.

35.

36.

37.

38.

39.

~

©

of extended shelf-life milk samples in Austria. Dairy science & technology 90:
413-428. Link: http://bit.ly/2yVmIRH

Montilla A, Olano A (1997) Effect of the protein content and dilution on the
lactulose/furosine ratio in heat-treated milk. Link: http://bit.ly/2P82uiT

Tremblay L, Laporte MF, Léonil J, Dupont D, Paquin P (2003) Quantitation of
proteins in milk and milk products. Advanced Dairy Chemistry-1 Proteins 49-
138. Link: http://bit.ly/2P82Bej

. Delgado T, Corzo N, Santa Maria G, Jimeno ML, Olano A (1992) Determination

of furosine in milk samples by ion-pair reversed-phase liquid chromatography.
Chromatographia 33: 374-376. Link: http://bit.ly/2TqoqE2

De Noni |, Pellegrino L, Masotti F (2004) Survey of selected chemical and
microbiological characteristics of (plain or sweetened) natural yoghurts from
the Italian market. Lait 84: 421-433. Link: http://bit.ly/2TAxKpj

Mortier L, An Braekman, Dagmar Cartuyvels, Roland Van Renterghe (2000)
Intrinsic indicators for monitoring heat damage of consumption milk.
Biotechnol Agron Soc Environ 4: 221-225. Link: http://bit.ly/2YYd9vW

Resmini P, Masotti F, Tirelli A, Prati F (1992) Detection of reconstituted milk
powder in raw and in pasteurized milk by direct HPLC of furosine. Scienza
e Tecnica Lattiero Casearia (Italy) 43: 169-186. Link: http://bit.ly/30132Y0

. Baptista JA, Carvalho RC (2004) Indirect determination of Amadori

compounds in milk-based products by HPLC/ELSD/UV as an index of
protein deterioration. Food Research International 37: 739-747. Link:
http://bit.ly/2ZV1IMs

. Ferrer E, Alegria A, Farré R, Abellan P, Romero F (2002) High-performance liquid

chromatographic determination of furfural compounds in infant formulas:
Changes during heat treatment and storage. Journal of Chromatography A
947: 85-95. Link: http://bit.ly/2YHtwBK

. Garcia-Bafios JL, del Castillo MD, Sanz A, Olano ML, Corzo N (2005) Maillard

reaction during storage of powder enteral formulas. Food chemistry 89: 555-
560. Link: http://bit.ly/2KwJw0Q

Resmini P, Pellegrino L (1994) HPLC of furosine for evaluating Maillard
reaction damage in skim milk powders during processing and storage.
Federation Internationale de Laiterie; International Dairy Federation 31-36.
Link: http://bit.ly/33zdvNI

. Erbersdobler HF, Somoza V (2007) Forty years of furosine—Forty years of

using Maillard reaction products as indicators of the nutritional quality of
foods. Mol Nutr Food Res 51: 423-430. Link: http://bit.ly/33uxJYp

Lubec G, Wolf C, Bartosch B (1989) Amino acid isomerization and microwave
exposure. Lancet 2: 1392-1393. Link: http://bit.ly/2KtUWCo

Li HY, Xing L, Wang JQ, Zheng N (2018) Toxicology studies of furosine in
vitro/in vivo and exploration of the related mechanism. Toxicol lett 291: 101-
111. Link: http://bit.ly/20ToLAQ

Ozlem T, Sibel AA, Kemal U (2006) Rapid High Performance Liquid
Chromatographic Detection of Furosine. Journal of Food Quality 29: 38-46.
Link: http://bit.ly/2yTGpcD

Walstra P, Wouters JT, Geurts TJ (2006) Dairy Science and Technology
Second Edition. Food Science and Technology-New York-Marcel Dekker 147.
Link: http://bit.ly/2Z2tj7s

Thomas Henle, Giinther Zehetner, Henning Klostermeyer (1995) Fast
and sensitive determination of furosine. Zeitschrift fiir Lebensmittel-
Untersuchung und Forschung 200: 235-237. Link: http://bit.ly/2ZYTiy3

Van Renterghem R, Jan De Block (1996) Furosine in consumption
milk and milk powders. International Dairy Journal 6: 371-382 . Link:
http://bit.ly/2z74LA1

Copyright: © 2019 Tekliye M, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited.

067

Citation: Tekliye M, Pei X, Dong M (2019) RP-HPLC determination of Furosine in fermented milk of different brands retailed in China. Int J Agric Sc Food Technol
5(1): 064-067. DOI: http://doi.org/10.17352/2455-815X.000044



	RP-HPLC determination of Furosinein fermented milk of different brandsretailed in China
	Abstract
	Abbreviations
	Introduction
	Materials and Methods
	Table 1
	Results and Discussion
	Figure 1
	Table 2
	Conclusions
	Acknowledgments
	References

